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DESCRIPTION

Field of the Invention

[0001] The present invention concerns hydrocracking compositions, their preparation and their
use In hydrocracking.

Background of the Invention

[0002] Of the many conversion processes known In the refining art, hydrocracking has
assumed a greater importance over the years since It offers the refiner product flexibility
combined with product quality. There has been considerable effort devoted to the development
of hydrocracking catalysts which combine high cracking activity with a low tendency to
overcrack towards light products and, in particular, to the less valuable C4-C5 and C4 gaseous

by-products. Kerosine and gas oll (the fractions boiling at a temperature in the range of from
150 to 370 °C; also commonly termed middle distillates) are often the desired products of a
hydrocracking process.

[0003] Such hydrocracking catalysts are typically based on a shaped support prepared from a
single, active cracking component such as an aluminosilicate, especially a Y zeolite
component, comulled and extruded with a refractory oxide binder, with subsequent
impregnation of hydrogenation metals.

[0004] Various preparation techniques for such zeolitic-containing hydrocracking catalysts are
described In the literature, see for example, US-3,536,605, US-3,875,081, EP-A-028938, GB-
A-2114594, and US-4,857,171.

[0005] Alternative catalyst forms have been proposed for use In the hydroprocessing of, for
example, refinery streams. One such group of catalysts are termed 'bulk catalysts', Such
catalysts are formed from metal compounds only, usually by co-precipitation techniques, and
have no need for a catalyst carrier or support; see for example WO 00/42119, US-6,152,350
and WO 00/41810.

[0006] These publications disclose bulk Group VIII and Group VIb metal catalysts and their
preparation and use. US-6,162,350 discloses that such catalysts may contain one or more of
each metal type, and examples show NiMo, NIVWW and the most preferred NiIMoW bulk catalysts
A binder If present is preferably added after the preparation of the bulk metal composition and
prior to shaping.

[0007] By co-precipitation, the incorporation of a dispersed metals content into a conventional
carrier material is attempted by enabling intimate contact between metals compounds and
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carrier material and thus enabling the metals to become dispersed through the carrier material
before shaping. This contrasts with conventional impregnation techniques where only a small
amount of metals deposition is possible since the shaped carrier i1s already formed and there
are diffusional and space limitations for the metal ions or compounds to become dispersed
through the catalyst support.

[0008] In US-6,162,350 the use of other catalytic components with the bulk catalysts Is
envisaged. Thus cracking components such as ZSM-5, zeolite Y and amorphous cracking
components may be composited with the bulk catalyst composition. Preferably this occurs after
the composition Is formed and alongside the incorporation of a binder material prior to shaping
to form a cracking catalyst support in conventional manner.

[0009] Copending International Patent Application No. PCT/EP2004/050196, published as WO
2004/073859, discloses the preparation of a quasi-bulk metal catalyst composition in which
binder materials are advantageously incorporated into the compositions during precipitation.
Following formation, this material too can be composited with other components such as
cracking components.

[0010] Thus where cracking components are to be Incorporated Iinto such bulk metal
compositions the teaching is that this is preferred via mixing or co-mulling after the preparation
of the bulk metal composition.

[0011] Coprecipitation of a zeolitic material and a Group VIb hydrogenation metal component
to form a hydrocracking catalyst is disclosed Iin US Patent Specification No. 3,853,747 which
proposes the preparation of a hydrocracking catalyst having improved activity by combining a
finely divided Group VIb (eg molybdenum) compound in substantially undissolved form with a
crystalline aluminosilicate base In an agqueous medium having a pH below 6. A precipitated
metals-containing zeolite results. The pH level is set at below 6 to ensure the insolubility of the
metal compound and to promote precipitation without destruction of the zeolites crystalline
structure. The aim of the preparation Is to ensure that the metal i1s concentrated on the
external surface of the zeolite, to avoid impregnation of the inner adsorption area, and to
ensure that the zeolite crystal structure and acidity is not destroyed at any stage during the
catalyst preparation by use of soluble molybdenum or tungsten compounds.

[0012] International Patent Specification No. WO 01/00753 considers the effect on middle
distillate selectivity where an amount of hydrogenation metals is contained within the pores of a
zeolite before formulation into a hydrocracking catalyst. Middle distillate selectivity gain is said
to be achieved by incorporation of the hydrogenation metals into the zeolite pores, eg by
iImpregnation of the zeolite with the metals prior to shaping the support. Broad ranges of from
0.1 to 10 wt% of Group VIII metal (on oxide basis) and from 0.1 to 10 wt% of Group VIb metal
(on oxide basis) are disclosed, but the most preferred amounts incorporated are from 0O (sic) to
S5 wt%, of Group VIII metal (on oxide basis)and from 0.1 to 3 wt%, of Group ViIb metal (on oxide
basis). A certain amount of hydrogenation metals will, however, inevitably be incorporated into
the zeolitic pores during conventional catalyst preparation. WWe have found that in fact by
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conventional impregnation preparation techniques this preferred level of Group Vlb metal, eg
molybdenum, can commonly exist in zeolite Y based hydrocracking catalysts.

[0013] Generally the teaching of the art is that while it can be advantageous to incorporate
hydrogenation metals into the pores of zeolitic materials, precipitation techniques have to be
utilised carefully or risk the destruction of the zeolite crystal structure.

Summary of the Invention

[0014] It has now surprisingly been found that zeolitic materials can be incorporated into an
unsupported or precipitated catalyst during preparation, and that the resulting hydrocracking
catalyst composition has significant advantages for hydrocracking than when formulated via
co-mulling and extrusion. The mono-aromatics hydrogenation activity of such compositions is
extremely high and in preferred compositions, product selectivity to middle distillates i1s also
significantly better. Even though a significantly high aromatics hydrogenation is achieved, the
hydrogen consumption requirement is surprisingly lower than that needed by conventionally
prepared catalysts.

[0015] Against the teaching of the prior art, it has been found possible to prepare such
precipitated compositions utilising precipitation mixtures having a neutral to alkaline pH, and
also utilising soluble or partly soluble Group VIb metal compounds, without damage to the
zeolite crystal structure nor loss of hydrocracking activity; indeed such materials can have a
higher hydrocracking middle distillate selectivity than conventionally prepared catalysts.

[0016] Accordingly the present invention provides a catalyst composition according to claim 1.

[0017] Also provided I1s a process for the preparation of the catalyst composition of the
Invention, and its use In hydrocracking.

Detailed Description of the Invention

[0018] This Invention relates to the hydrocracking of petroleum feedstocks using an
unsupported catalyst composition containing Group VIII (N)) and Group VIB (Mo) metals, a
zeolite, and no Inert refractory oxide.

[0019] Herein reference i1s made to the Periodic Table of Elements which appears on the inside
cover of the CRC Handbook of Chemistry and Physics ('The Rubber Handbook'), 66th edition
and using the CAS version notation.

[0020] By the term 'unsupported’ it Is to be understood that the composition is not of the
conventional form which has a preformed, shaped catalyst support which 1s then loaded with
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metals via impregnation or deposition, nor of a form wherein metals plus support materials are
co-mulled or combined together by physical means but 1Is a composition in which the metals
and zeolite are combined together at one and the same time via a chemical process wherein
the composition Is formed prior to any shaping step. Generally this chemical combination will
occur through precipitation. Thus, the term 'unsupported’ may be used herein interchangeably
with the term 'precipitated’ but only In relation to the catalyst composition of the present
iInvention. In fact it has been found that the metals, mainly the Group Vilb metal molybdenum,
become incorporated within the pores of the zeolite in significant amounts.

[0021] The Group VIII metal is nickel. The Group VIb metal i1s molybdenum. Noble metals of
Group VIII are often used In catalyst compositions where hydrogenation 1s a desired aim,
especially platinum and palladium metals which have become the predominant metals of
choice for hydrogenation catalysts. However, the surprisingly high hydrogenation activity of the
materials of the present invention means that there i1s no need to utilise these expensive
materials.

[0022] The zeolite component Is suitably a crystallne molecular sieve selected from those
having pores with a largest diameter greater than 0.6 nm (crystallographic free diameters,
calculated as in the "Atlas of Zeolite Framework Types”, Ch. Baerlocher, W.M. Meier, and D.H.
Olson, 5th Edition, Elsevier Amsterdam 2001), those having pores with diameter greater than
0.6 nm as determined from the Horvath-Kawazoe pore size distribution derived from argon or
nitrogen adsorption isotherms, and those of structure type AEL, EUO, FER,

[0023] MFI, MEL, MTT, MTW, MWW and TON.

[0024] In the context of the present specification, the term "molecular sieve” also Iincludes the
corresponding (hydrothermally) stabilised and dealuminated derivatives and such derivatives
as may be obtained by isomorphous substitution and cation exchange. Methods for the cation
exchange, (hydrothermal) stabilisation, dealumination and isomorphous substitution of
molecular sieves are well known In the art and are not therefore further discussed In the
present specification.

[0025] In the present specification, unless otherwise indicated, the silica to alumina molar ratio
of a zeolite I1s the molar ratio as determined on the basis of the total or overall amount of
aluminium and silicon (framework and non-framework) present in the zeolite.

[0026] The zeolite component may be formed of a single zeolite material or a combination of
two or more of the same or different zeolite types.

[0027] Preferably, the zeolite Is selected from one or more crystalline molecular sieves of
structure type FAU, EMT, -CLO, VFI, AET, CFIl, DON, OSSO, AFIl, AFR, AFS, AFY, ATS, *BEA,
BOG, BPH, CON, CZP, DFO, GME, GON, IFR, ISV, LTL, MAZ, MEIl, MOR, MTW, OFF, SAO,
SBE, SBS, SBT, SFE, ETR, IWR, SSY, US|, UOZ, AEL, EUO, FER, MFI, MEL, MTT, MTW,
MWW, TON, members of the disordered structure families beta, SSZ-33, faujasite, MTT/TON,
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SFF/STF and ZSM-48 as described In the "Atlas of Zeolite Framework Types, idem., and also
the "Database of Zeolite Structure Types” (Ch. Baerlocher and L.B. McCusker,http://www.iza-
structure.org/databases/), ITQ-15, ITQ-21, and ITQ-25.

[0028] More preferably the zeolite may be one or more of zeolite Y, ZSM-5, ZSM-12, and
zeolite beta.

[0029] Most preferably, the zeolite i1s a crystalline molecular sieve of structure type FAU, e.q.
an ultrastable zeolite Y (USY) or a very ultrastable zeolite Y (VUSY) of unit cell size (ap) less

than 2.440 nm (24.40 Angstroms), In particular less than 2.435 nm (24.35 Angstroms) as are
known, for example, from European Patent Specifications Nos. 247 6/8 and 247 679, US
Patent Specification No. 4,784,750, International Patent Specification No. WO 2004/04 7988
and US Patent Specification No. 2002/094931.

[0030] Whilst USY and VUSY Y zeolites are the preferred form of zeolite component used In
the present invention, other Y zeolite forms are also suitable for use, for example the known

ultrahydrophobic Y zeolites. More than one Y zeolite form may be used: suitably two zeolites of
different unit cell size, for example an USY zeolite in combination with a VUSY zeolite.

[0031] The preferred VUSY zeolite of EP-A-247 678 or EP-A-247 679 I1s characterised by a unit
cell size below 2.445 nm (24.45 Angstroms) or 2.435 nm (24.35 Angstroms), a water
adsorption capacity (at 25 °C and a p/pp value of 0.2) of at least 8 wt% of the zeolite and a

pore volume of at least 0.25 ml/g wherein between 10% and 60% of the total pore volume is
made up of pores having a diameter of at least 8 nm. Most preferred are the low unit cell size,
high surface area zeolite Y materials of WO 2004/04/7988. Such materials can be described as
a zeolite of the faujasite structure having a unit cell size in the range of from 2.410 to 2.440 nm
(24.10 to 24.40 A), a bulk silica to alumina ratio (SAR) above 12, and a surface area of at least

850 m</g as measured by the BET method and ATSM D 4365-95 with nitrogen adsorption at a
p/po value of 0.03.

[0032] Where a zeolite beta is utilised in or as part of the zeolite component this may be any
catalytically active zeolite beta - a crystalline zeolite described in US Patent Specification No.
Re 28,341 or known from the Atlas of Zeolite Structure Types, 3rd Edition, published in 1992
on behalf of the Structure Commission of the International Zeolite Association. Small crystal
size zeolite beta Is a particularly useful material in cracking compositions. The zeolite beta
crystals are preferably less than 100 nm In size, e.g. up to 99 nm In size. More preferably, the
crystals are In the range of from 20 to 95 nm In size, most preferably 70 nm or less, for
example from 30, 40 or from 50 to 70 nm, In size. Suitably, the zeolite beta has a silica to
alumina molar ratio of at least 20, preferably at least 25. Zeolite beta with a higher silica to
alumina molar ratio, e.g. up to, and including 60, 80, 100, 120 or 150, may also be used If
desired. Thus, the zeolite beta may have a silica to alumina molar ratio in the range of from 20
to 60, 25 to 60, 20 to 80, 25 to 80, 20 to 100, 25 to 100, 20 to 120, 25 to 120, 20 to 150 or 25
to 150. It Is also suitable, and may be preferred, to use a high SAR zeolite beta, for example a
Beta zeolite which has a SAR of 150 or more, preferably 150 to 400, more preferably 200 to
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350, especially 300.

[0033] Suitable zeolite beta materials are commonly available commercially, such as from the
PQ Corporation or from Zeolyst International.

[0034] The composition of the present invention contains substantially no refractory oxide
material.

[0035] Depending on the method of preparation that is followed to prepare the catalyst
composition for use in the invention, there could be residual ammonia, organic species and/or
water species present; following different methods, different amounts as well as different types
of species can be present. In respect of water, also atmospheric conditions can affect the
amount present in the catalyst composition. Therefore to ensure that the catalyst composition
definition 1s not distorted by atmospheric or preparation conditions, the proportions mentioned
herein, eg on percentage amounts, are given on an oxide basis.

[0036] To establish the catalyst composition on an oxide basis, an elemental analysis iIs
performed on a sample once all volatiles have been removed, eg by thorough heating for
example at a temperature in excess of 400°C for a minimum of 60 minutes, In accordance with
standard practice in the art.

[0037] Expressed on a percentage weight basis, very suitably the total amount of Group Vi

and Group VIb metals, as the oxides and based on total catalyst, is in the range of from 20 to
30.

[0038] The molar ratio of Group VIl metal to Group VIb metal is 0.5:1 to 2.5:1, especially 1:1.

[0039] The zeolite content is suitably in the range of from 1 to 85 wt%. Usefully the minimum
amount of zeolite 1s 4 wt%, preferably 15 wt%, more preferably 20 wt%, for example 25 wit%,
and especially 40 wt%, basis total composition. Usefully the maximum amount of zeolite, basis
total composition, is 80 wt%, and especially 75 wt%.

[0040] Good results have been obtained with nickel present in an amount in the range of from
7 to 30 wt%, preferably 13 to 26 wt%, on an oxide basis, molybdenum present in an amount in
the range of from 14 to 50 wt%, preferably 25 to 50 wit% on an oxide basis; with the balance
being zeolite VUSY. The proportion of zeolite VUSY present in formulations yielding good
results 1s in the range of from 20 to 73 wt%. VWhere a second zeolite i1s present, for example
zeolite beta, then an amount in the range of from 1 to 10 wt% Is preferred.

[0041] In a catalyst composition for use In the invention, when not assessed on an oxide basis,
there may be In the range of from 0 to 10 wt%, basis total catalyst, of residual species, eg
organics, ammonia and/or water species, and most commonly from 3 to 8 wt%. The presence
and amount of such components can be determined by standard analysis techniques.
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[0042] The catalyst composition of the present invention may be prepared by any suitable
precipitation or equivalent process. The present invention therefore further provides a process
for the preparation of a catalyst composition of the present invention, wherein a Group VIb
metal compound Is combined with a non-noble Group VIlII metal compound, one or more
zeolites and, In the presence of a protic liquid and optionally an alkali compound; and the
catalyst composition iIs recovered following precipitation. The preparation process may very
suitably be by the procedure described in US 6,162,350, or in WO 00/41810, in which the
metal compounds are either fully dissolved or partly dissolved in the liquid used, suitably protic
liquid, especially water or water-containing liquid, with the addition of the appropriate amount of
zeolite to one of the starting components or to a mixture of starting components.

[0043] Most preferably, however, the preparation i1s by a process which comprises heating a
precursor composition which is in the form of, or i1s recovered from, a slurry, optionally after
aging at a temperature in the range of from 20 to 95 °C for a minimum of 10 minutes, said
slurry being obtained by (co)precipitating, at a sufficient time and temperature, a Group VIb
metal compounds, a Group VIlII metal compound, one or more zeolites, and an alkali
compound, In a protic liquid. This process yields material which gives high crush strength when
shaped eg extruded. Where the metal compounds are used as solids (and one or more partly
dissolve when coming into contact with the protic liquid), the crush strength of the resulting
shaped catalyst may become higher.

[0044] Thus preferably, the metal compounds utilised in the process of the invention are added
to the protic liquid in solid form.

[0045] The metal compounds are suitably utilised in the percentage weight amounts already
discussed above.

[0046] The decomposition or heating of the precursor is performed at an elevated temperature
In the range of from 100 to 600°C, preferably from 120 to 450°C, more preferably at a
temperature in the range of from 250 to 400°C. The decomposition may take place in an inert
atmosphere, such as under nitrogen, any noble gas or a mixture thereof, or in an oxidative
atmosphere, e.g. In oxygen, oxygen-nitrogen, air, or a mixture of one or more thereof, or in a
reductive atmosphere, such as hydrogen, hydrogen sulfide, or a mixture thereof. The
decomposition may take place during processing of the slurry or during further processing of
the composition for use, eg during extrusion or calcination before or after shaping.

[0047] The preferred preparation process of the present invention involves contacting one or
more slurries of the desired metals in a protic liquid (for example water) wherein one or more
of the metal compounds, especially both, are in solid and dissolved phase simultaneously, with
a zeolite In the presence of an alkali compound at a temperature and for a time sufficient to
produce the precursor. It iIs possible for each metal type that the metal is provided by two metal
compounds, one of which Is soluble in the protic liquid and the other of which Is only partly
soluble. Metal Iin this context does not refer to the metals in metallic phase but to metallic
compounds containing the necessary metal ions.
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[0048] It is possible for all components to be added to the protic liquid at the same time or
sequentially. Also 1t Is possible for one or more of the metal compounds, the zeolite to be In
slurry phase with the protic liquid, and for the remaining components to be added thereto.

[0049] The process of the invention most suitably involves the mixing of slurry phase mixtures
of the Group VIb and Group VIII metal(s) compounds in water or other protic liquid blended at
elevated temperature with a slurry of the zeolite Iin water, or other protic liquid, and
subsequently to add at an elevated temperature an alkali compound also in water or other
protic liquid. While the order of addition to form slurries from the individual compounds is not
critical for the formation of the catalyst composition of the invention, we have found that when
the alkali compound I1s added to a slurry of partly dissolved metals, the zeolite very useful
catalytic materials are given. It i1s, however, possible to add the metals' slurry to the alkal
compound, with the zeolite present in one or the other or both, and still obtain useful catalytic
compositions.

[0050] Blending or mixing can be carried out by any conventional means, eg an anchor stirrer,
or a high energy, high impact method, for example using an Ultra Turrax machine.

[0051] During the mixing or blending process, the components of the slurries (co)precipitate to
form solids of the precursor composition preferably under the action of the alkali precipitation
agent. Normally the term 'co-precipitation’ i1s used when two or more compounds that are
dissolved, precipitate out of solution together. In the preferred process of the Iinvention, a
portion of the compounds are not dissolved and it is possible that one or more dissolved
components precipitate onto the solid component(s). Therefore we prefer to use herein the
terminology '(co)precipitation’ when referring to precipitation of materials at least one of which
IS In a partly dissolved state. The process of the invention Is suitably controlled through the
maintenance of an appropriate temperature for an appropriate time to achieve the desired
precursor. It Is a routine matter to determine the appropriate temperature/time combinations
for a desired end product. Suitably the temperature will lie in the range of from 25 to 95°C and
the (co)precipitation time will lie in the range of from 10 minutes to 2 hours. While essentially
desired end products will arise from a control of both conditions, it is noted that operating the
(co)precipitation process at higher temperatures may cause too much dissolution of the metals
components to enable a good end-product; at too low a temperature then insufficient
dissolution may occur.

[0052] In a preferred embodiment, an initial slurry concentration of in the range of from 2 to
40, preferably 2 to 25 wt% of nominal solids content is aimed for. By nominal solids content,
the amount of solids added to the protic liquid Is Iintended. Preferably the amount of alkall
compound, eg ammonia, In the slurry is at least 0.2 mol per mol of metals, on an oxide basis,
and at most 50 mol per mol of metals, on an oxide basis. The quantity of alkaline material can
affect the final form of the catalyst composition. The amount of alkaline material, eg ammonia,
preferably applied should be at least 0.75 mol, more preferably at least 0.8, especially at least
0.9 mol, per mol metals, oxide basis. The amount of alkali compound utilized is preferably at
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most 5, more preferably at most 3, and especially at most 2, mol per mol metals, oxide basis.

[0053] The pH of the final slurry mixture i1s generally neutral to alkaline, and is suitably at least
6.0, and even more suitably at least 6.5. Generally the pH of the final mixture is in the range of
from 6.5 to 9.0, preferably from 6.8 to 8.5. The measured value of pH can be influenced by the
temperature of the mixture. To assess accurately and with consistency the pH of the heated
final slurry mixture, it is useful to remove a small sample, cool it to ambient temperature and
then to measure the pH by conventional means. Contrary to the teaching of the prior art, at
such pH levels, the zeolitic material has been found to retain fully its crystal structure both
during the precipitation and during subsequent recovery, drying and calcination procedures.

[0054] Suitable Group VIII compounds, which stay in partly solid phase if the solvent is water,
and therefore are preferred, are nickel carbonate, nickel oxide, nickel hydroxide, nickel
phosphate, nickel formiate, nickel sulfide, nickel molybdate, or a mixture of two or more
thereof. Additionally soluble salts such as nickel nitrate, sulphate or acetate may be used In
combination with one or more of these compounds and/or with each other. Suitable, and
preferred, molybdenum compounds (based on similar criteria) are molybdenum (di or tri)
oxide, ammonium molybdate, molybdic acid, molybdenum sulfide, or mixtures thereof. These
materials are commercially available or can be prepared by commonly known laboratory
practices, e.g. by precipitation.

[0055] Starting materials having a C, H, and O component in addition to the desired metals
are, In general, more preferred due to a lesser impact on the environment. Nickel carbonate Is
therefore more preferred, since It can decompose to nickel oxide, carbon dioxide and water
upon heating, based on the carbonate content of the starting material.

[0056] The terms 'alkali or alkaline compound’ are used herein to indicate any compound that
will yield a pH of at least 6.0 with the protic liquid when measured at ambient temperature (20

°C).

[0057] Suitable alkali compounds applied are selected from hydroxides or oxohydroxides, for
example, Group |A, or IB or Group lIA, or llb hydroxides; Group |A or Group llIA silicates;
Group |A, or IB or Group IlA or |IB carbonates; and equivalent ammonium compounds; or
mixtures of any two or more thereof. Suitable examples include ammonium hydroxide, sodium
hydroxide, ammonium silicate, ammonium carbonate, and sodium carbonate.

[0058] Also suitable for use as an alkali compound are any basic, nitrogen-containing organic
compounds, eg selected from aliphatic or aromatic amines and polyimines like
polyethylenimine; pyridine derivatives; amino alcohols; amino acid salts; and urea and
substituted urea derivatives which produce ammonia or amines upon heating in water.

[0059] Preferably the alkali compound is one that will generate ammonium ions in solution; this
Includes ammonia which, with water as the solvent, will generate the ammonium hydroxide
form.
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[0060] It 1s generally preferred to utilise mixing and precipitation conditions, which keep the
solvents below the boiling point temperatures of the applied solvent, i.e. below 100°C In case
of water. The pH of the slurries Is generally kept at their natural pH during the entire
preparation process. However additional adjustment of the pH can be conveniently achieved, if
desired, by using suitable acidic or additional alkaline compounds as generally known In the
art.

[0061] The formed slurry is optionally held at ambient or elevated temperature for a period of
time (commonly termed ageing) subsequent to the end of the (co)precipitation process. The
ageing time usually lies in the range of from 10 minutes, suitably 30 minutes, to preferably 4
hours; the ageing temperature may be in the range of from ambient temperature, for example,
from 20, suitably from 25°C, to 95°C, preferably from 55 to 90, and especially from 60 to 80°C.
The ageing period I1s optionally followed by cooling the obtained mixture to a lower
temperature.

[0062] After optional cooling, the obtained slurry may be processed in a number of different
ways In order to regain the solid content, which process can involve filtration, spray drying,
flash drying, evaporation, and vacuum distillation. By evaporation, any process of driving off
the protic liquid, e.g. water, or drying Is Intended, for example dessication and boil down
processes. The system used will depend on a number of local factors including environmental
legislations, and energy availability. Most preferred is spray drying.

[0063] The most preferred combination 1s to use the preferred slurry preparation process
(utilising alkali compound) in combination with spray drying.

[0064] The so-prepared solid product is a powder which has a loss on ignition LOI| of 5 to 95%,
suitably 10 to 20 %, and conveniently 15 to 20 %.

[0065] Herein loss on ignition (LOI) for a material is the relative amount of lost mass upon
heating the material to 540°C following the procedure: The sample i1s mixed well to prevent any
Inhomogeneity. The weighed sample i1s transferred into a weighed and precalcined crucible.
The crucible is place to a preheated oven at 540°C for a minimum time of 15 minutes, but
typically for 1 hour. The crucible containing the dried sample is weighed again, and the LOI is

determined according to the formula:
LOI% = (W — Weale)/w * 100%
where w Is the original weight of the sample, wqg IS the weight of the calcined sample after

heating In the oven, both corrected with the weight of the crucible.

[0066] The prepared powder may be dried before optional further processing, especially
where filtration has been used to isolate or recover the solids. This drying or ageing can take
place In any suitable atmosphere, e.g. inert, such as nitrogen, noble gases, or mixtures
thereof, or oxidative gases, such as oxygen, oxygen-nitrogen mixture, air, or mixtures thereof,
or a reductive atmosphere, such as hydrogen, or mixtures of reductive and inert gases or
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mixtures thereof, with or without ammonia and/or water moisture present. The drying

temperature 1s preferred to lie in the range of from 20, usually 25, to 200°C, preferably 55 to
150°C and especially from 70 to 130°C.

[0067] The powder may be used as such or, more preferably is used as a shaped catalyst
formulation.

[0068] Optionally the obtained powder s calcined prior to shaping. Suitable calcination
temperatures are in the range of from 100 to 600°C, preferably from 120 to 450°C eg under
400°C and very suitably at substantially 300°C. The calcination may also be carried out in any
suitable atmosphere, e.g. inert gases as nitrogen, noble gases or a mixture thereof, or in a
reactive atmosphere, e.g. oxygen, oxygen-nitrogen, air, or a mixture of one or more thereof, or
a mixture of inert and reactive gases.

[0069] Prior to shaping, the obtained powder i1s optionally mixed with additional materials In
either solid or liquid phase. Those In solid state include catalytically active materials, e.g. other
catalytic materials generally used in hydrocracking applications. Thus the powder may be
combined with a further cracking component, such as a zeolitic or other component that
promotes hydrocracking, as menitioned above. Where It Is desired, other supplementary
materials can, of course, be added. These include materials usually added during conventional
catalyst preparations. Suitable examples are phosphorus materials, e.g. phosphoric acid,
ammonium phosphate, or organic phosphorus compounds, silicon compounds, boron
compounds, fluorine containing compounds, rare earth metals, additional transition metals, or
mixtures thereof. Phosphorus compounds may be added at any step of the preparation.

[0070] Most often, any additional component may be a diluent or a binder incorporated to
Influence the physical properties of the catalyst, for example density, attrition resistance and
crush strength.

[0071] Moreover, added materials may include additives typically referred in the art as
'shaping agents’ or "shaping aids’. Those additives may comprise stearates, surfactants,
graphite, or mixtures thereof. For maximum strength in the resulting shaped materials
however, particularly where shaping is by extrusion, then it is preferred to minimize the amount
of any conventional extrusion aids. Most preferably, shaping i1s performed by extrusion In the
absence of any extrusion aids.

[0072] Suitable materials Iin liquid phase may additionally be added to the shaping mixture
obtained, which Include protic, e.g. water, polyols, etc., and non-protic liquids, e.g.
hydrocarbons. Protic liquids, e.g. water, may be added for example in order to bring the LOI
content of the mixture to a suitable level for shaping.

[0073] In general, there 1s no particular order of mixing the materials (in solid and/or liquid
form) together. What 1s important is to ensure that the sample I1s mixed well to prevent
nonhomogenity. The amount of additional solids and liquids added during shaping lies
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preferentially in the range of from 0 to 95 wit% based on final weight, and depends on the
requirements of the anticipated catalytic application. Shaping can be performed In various
ways depending on the requirements of the application. Those methods include spray drying,
extrusion, beading and/or pelletizing among others.

[0074] Sulfidation may be performed In order to turn one or more metals into its active form. If
the composition Is used as a shaped catalyst composition, then it may be sulfided before
and/or after shaping. In general, sulfidation may be carried out by contacting the catalyst or
precursor with a sulfur-containing material, e.g. elemental sulfur, sulfides, disulfides, etc. in gas
or liquid phase. Sulfidation can be carried out at any step of the shaping procedure, including
prior to the first optional drying step. It is preferred, however, that sulfidation i1s carried out only
prior to shaping when any of the subsequent heat treatments performed are carried out under

a suitable atmosphere that prevents the conversion of the (partly) sulfided phase back to an
oxide state.

[0075] Sulfidation procedures are very well known In the art, and consist of either In-situ
sulfidation when the catalyst Is In position for use, or ex-situ sulfidation which is carried out
prior to loading the catalyst in the hydroprocessing unit. Generally both comprise contacting
the catalyst with elemental sulphur or a sulphur-containing compound at a temperature,
pressure and time sufficient to ensure adequate sulfidation or activation of the oxidic species
on the catalyst. The actual temperature, pressure and time required can vary according to the
catalyst type and amount, the sulfiding materials used and the reactor. The regime required
can be readily ascertained by the skilled person in the art by very routine procedures.

[0076] Preferably the sulfidation step 1s carried out subsequent to the shaping step(s), and, If
applied, subsequent to the last calcination step. Common ex-situ procedures are the ACTICAT
process (CRI International Inc.) and the SULFICAT process (Eurecat US Inc.). It Is however
preferred that the last sulfidation procedure is carried out in situ as follows.

[0077] The catalyst is sulfided into the active catalyst form by means of sulfidation carried out
In the presence of hydrogen, by either contacting the catalyst with liquid feedstock (in liquid or
partly gaseous phase), which contains and/or is enriched In sulfur, where sulfur is present In
the form of an organic sulfur compound and/or elemental sulfur, or in the presence of a sulfur-
containing gas, or a mixture thereof.

[0078] Good results have been obtained using a conventional Iin situ gas phase sulfidation
procedure.

[0079] It I1s, however, particularly advantageous to perform a conventional in situ liquid phase
sulfidation, using a sulphur-containing liquid, especially a gasoil, and following a typical
sulfidation procedure. The sulfur containing liquid is conveniently the intended feedstock for the
hydrocracking process, spiked, If necessary, with additional sulfur to perform the liquid phase
sulfidation. While 1t Is not understood why, sulfidation appears to promote movement of the
molybdenum species within the composition and gives rise to an enriched molybdenum
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content in the pores of the zeolite than when the composition is in the oxidic form. It is further
found that sulfided compositions of the present invention have a significantly increased middle
distillate selectivity as well as an enhanced mono-aromatics hydrogenation capacity. The
highest middle distillate selectivities are obtained for compositions sulfided in the liquid phase.

[0080] For both gas phase and liquid phase sulfidation procedures, conventional technigques
as known In the art may be utillised. Generally, such sulfidation will comprise contacting the
catalyst with the sulphur or sulphur-containing material at an elevated temperature and
pressure, with preferably successive ramping of the temperature at intervals over time whilst
maintaining the same pressure. Generally the sulfidation temperature will be in the range of In
excess of ambient (20 °C) to 400 °C, and the time will be In the range of from 1 hour to 48
hours, preferably from 10 to 40 hours.

[0081] Preferably, the Group VIll and Group VIb metals form an X-ray amorphous phase In
either the powder or the final shaped product, as is revealed by the absence of any newly
formed crystalline phase in addition to the crystalline zeolite as established by X-ray powder
diffraction

[0082] Catalysts which comprise a catalyst composition of the present invention exhibit a very
high activity for monoaromatics hydrogenation during hydrocracking of hydrocarbonaceous
feedstocks.

[0083] While not wishing to be bound to any theory, it iIs currently thought that this exceptional
activity Is the result of a high dispersion factor for the metals through the zeolitic material,
achieved through the careful control of the (co)precipitation process. High dispersion should
not be confused with uniformity of dispersion; the catalyst compositions for use in and of the
iInvention have a high activity with metals dispersed through the zeolitic material, but are not
necessarily uniformly dispersed.

[0084] It appears however that a high proportion of the Group VIb metal, molybdenum,
becomes contained In the pores of the zeolitic material. In the range of from 4, preferably from
5, and more preferably from 8, for example 10 to 25 wt% of molybdenum can be located within
the zeolitic pores. It has surprisingly been found that, after sulfidation, the sulphidic
compositions contain more molybdenum in the zeolitic pores than the original oxidic forms.

[0085] Suitable techniques for assessing the amount of molybdenum in zeolite pores are
known to those skilled in the art and the main techniques are mentioned in WO 01/00753
utilisation of electron microprobe and transmission electron microscopy using machinery
equipped with an energy-dispersive X-ray spectrometer having a detector for identification and
gualification of the elements present in the zeolite crystals.

[0086] The present invention also provides a process for converting a hydrocarbonaceous
feedstock into lower boiling materials which comprises contacting the feedstock with hydrogen
at elevated temperature and elevated pressure in the presence of a catalyst composition
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according to the present invention. This process is commonly called hydrocracking.

[0087] Examples of such processes comprise single-stage hydrocracking, two-stage
hydrocracking, and series-flow hydrocracking. Definitions of these processes can be found In
pages 602 and 603 of Chapter 15 (entitled "Hydrocarbon processing with zeolites”) of
"Introduction to zeolite science and practice” edited by van Bekkum, Flanigen, Jansen:;
published by Elsevier, 1991.

[0088] It will be appreciated that the hydroconversion processes of the present invention can
be carried out In any reaction vessel usual in the art. Thus the process may be performed in a
fixed bed or moving bed reactor. Also the catalyst of the invention may be used Iin conjunction
with any suitable co-catalyst or other materials usual in the art. Thus for example the catalyst
of the invention may be used Iin stacked bed formation with one or more other catalysts useful
InN hydroprocessing, for example with a catalyst containing a different zeolite, with a catalyst
containing a faujasite zeolite of different unit cell size, with a catalyst utiizing an amorphous
carrier, and so on. Various stacked bed combinations have been proposed In the literature:
WO-99/32582; EP-A-310,164; EP-A-310,165; and EP-A-428,224 may, for example, be
mentioned.

[0089] The hydrocarbonaceous feedstocks useful Iin the present process can vary within a
wide boiling range. They Include atmospheric gas oils, coker gas oils, vacuum gas oills,
deasphalted oils, waxes obtained from a Fischer-Tropsch synthesis process, long and short
residues, catalytically cracked cycle oils, thermally or catalytically cracked gas oils, and
syncrudes, optionally originating from tar sand, shale olls, residue upgrading processes and
biomass. Combinations of various hydrocarbon oils may also be employed. The feedstock will
generally comprise hydrocarbons having a boiling point of at least 330°C. The boiling range will
generally be from about 330 to 650°C, with preference being given to feedstocks having a
boiling range of from about 340 to 620°C. The feedstock may have a nitrogen content of up to
5000 ppmw (parts per million by weight) and a sulphur content of up to 6 %w. Typically,
nitrogen contents are in the range from 250 to 2000 ppmw and sulphur contents are In the
range from 0.2 to 5 %w. It Is possible and may sometimes be desirable to subject part or all of
the feedstock to a pre-treatment, for example, hydrodenitrogenation, hydrodesulfurisation or
hydrodemetallisation, methods for which are known In the art.

[0090] The process of the invention may conveniently be carried out at a reaction temperature
In the range of from 250 to 500°C, preferably in the range of from 300 to 450°C.

[0091] The present process Is preferably carried out at a total pressure (at the reactor inlet) In
the range of from 3 x 10°to 3 x 10/ Pa, more preferably from 4 x 10° to 2.5 x 10/ Pa and even
more preferably from 8 x 10° to 2 x 10/ Pa. Where a hydrocracking process is carried out at a

low pressure of, for example 4 x 10°to 1.2 x 10/ Pa, this may be termed 'mild hydrocracking'.

[0092] The hydrogen partial pressure (at the reactor inlet) is preferably in the range from 3 x
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10%to 2.9 x 10/ Pa, more preferably from 4 x 10° to 2.4 x 107 Pa and still more preferably from
8 x 10°t0 1.9 x 10/ Pa.

[0093] A space velocity In the range from 0.1 to 10 kg feedstock per litre catalyst per hour
(kg.I'".h"1) is conveniently used. Preferably the space velocity is in the range from 0.1 to 8,

particularly from 0.2 to 5 kg.I'".h""1.

[0094] The ratio of hydrogen gas to feedstock (total gas rate) used in the present process will
generally be In the range from 100 to 5000 NI/kg, but is preferably in the range from 200 to
3000 NI/kg.

[0095] The present invention will now be illustrated by the following Examples.

Examples

[0096] Herein, unit cell size 1s determined by X-ray diffraction using ASTM D 3942-80; BET
surface area I1s determined by the BET method of Brunauer, Emmett and Teller, J.Am. Chm.
Soc., 60, 309 (1938), and ASTM D4365-95 using a single point assessment from nitrogen
adsorption at a p/po value of 0.03; micropore volume Is assessed by the t-plot method using

nitrogen as adsorbate as described by Lippens, Linsen and de Boer, Journal of Catalysis, 3-32
(1964).

Catalyst Preparation

[0097] In the following examples the same VUSY is utilised in all of the catalysts of the
Invention and In reference catalysts C and F, and is a very ultrastable zeolite Y having a unit

cell size of 24.32A. a molar silica to alumina ratio of 29. a BET surface area of 893 m2/g, and a
micropore volume of 0.298 ml/g, prepared as described in WO 2004/047/988.

Example 1 (illustrative) NiO/MoO4,S105/VUSY zeolite- 13 wt%/25 wt%/9 wt%/53 wt%

[0098] 557 g water were weighed Iinto a 2 litre bulb. Subsequently, one after the other the
following compounds were added: 54.4 g nickel carbonate (39.5 wt% nickel) and 62.1 ¢
ammonium dimolybdate. 133.3 g zeolite were dispersed in 796 g water, added to the metals
slurry and heated to 80°C while stirring. Additionally another slurry of 22.5 g silica (Sipernat
50), 186 g water and 27.9 g ammonia 25 wt% solution was prepared.

[0099] As soon as the temperature of the zeolite-metal containing slurry reached 80°C, the
silica-ammonia slurry was added and the mixture was heated to 80°C. The temperature was
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maintained at 80°C for 45 minutes, during which time the pH of a sample, removed and cooled
to room temperature, was measured as 7.4.

[0100] The resulting slurry was spray dried and yielded 190 g of powder. The powder was
extruded, dried and calcined at 300°C In air.

Example 2 (illustrative) NiO/WO 3,S10,/VUSY zeolite- 9 wt%/28 wt%I/9 wt%/54 wt%

[0101] In a 5 litre bulb, 238.6 g zeolite was dispersed in 3636 g water using an online disperser
(Ultra-Turrax equipment as sold by Janke & Kunkel GmbH) for 1 minute. The resulting slurry
was heated to 80°C while stirring. Upon reaching this temperature, /8.5 g nickel carbonate (39
wt% nickel), 140.5 g ammonium metatungstate and 44.9 g Sipernat 50 were added to the
water. Shortly thereafter, 57.5 g ammonia solution (with 25 wt% ammonia content) were mixed
with the above slurry. The resulting mixture was kept at 80°C for 30 minutes; the pH of the
mixture was 8.3.

[0102] After 30 minutes the heating was switched off. 349.7 g of solid material was recovered

by means of spray drying. The powder was extruded, and the obtained green extrudates were
dried and then calcined at 300°C.

Example 3 (illustrative) NiO/MO3/TiO2/VUSY zeolite- 13 wt%/24 wt%/9 wt%I/54 wt%

[0103] In a 5 litre bulb, 298.3 g zeolite were dispersed In 4476 g water using an Ultra-Turrax
online disperser for 1 minute. The resulting slurry was heated to 80°C while stirring. Upon
reaching this temperature, 137.7 g nickel carbonate (39.5 wt% nickel), 155.3 g ammonium
dimolybdate and 51.5 g titanium dioxide P25 (ex Degussa) were added to the water. Shortly
thereafter, 69.7 g ammonia solution (with 25 wt% ammonia content) were mixed with the
above slurry. The resulting mixture was kept at 80°C for 30 minutes; the pH of the mixture was
7.9.

[0104] After 30 minutes the heating was switched off. 489.6 g of solid material were recovered
by spray drying. The powder was extruded, and the obtained green extrudates were dried and
then calcined at 300°C.

Example 4 (illustrative) NiO/WO 3/ TiOo/VUSY zeolite- 9 wt%/28 wt%/9 wt%/54 wt%

[0105] In a 5 litre bulb 298.3 g zeolite was dispersed in 4474 g water using an Ultra-Turrax
online disperser for 1 minute. The resulting slurry was heated to 80°C while stirring. Upon
reaching this temperature, 98.2 g nickel carbonate (39.0 wt% nickel), 175.6 g ammonium
metatungstate and 51.5 g titanium dioxide P25 (ex Degussa) were added to the water. Shortly
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thereafter, /1.9 g ammonia solution (with 25 wt% ammonia content) were mixed with the
above slurry. The resulting mixture was kept at 80°C for 30 minutes with a pH of 8.3.

[0106] After 30 minutes the heating was switched off. 465.8 g of solid material was recovered
via spray drying. The powder was extruded, and the obtained green extrudates were dried and
then calcined at 300°C.

Example (illustrative) NiO/MoO3/S10,/VUSY zeolite- 7 wt%I/14 wt%/6 wt%/73 wt%

[0107] 557 g water were weighed Iinto a 2 litre bulb. Subsequently, one after the other the
following compounds were added: 55.1 g nickel carbonate (39 wit% nickel)and 62.1 ¢
ammonium dimolybdate. 264.4 g zeolite were dispersed in 796 g water, added to the metals
slurry and heated to 80°C while stirring.

[0108] Additionally another slurry of 22.5 g silica Sipernat 50, 186 g water and 27.9 g ammonia
25 wt% solution was prepared.

[0109] As soon as the zeolite-metal containing slurry was at 80°C, the silica-ammonia slurry
was added and the mixture was heated to 80°C. the temperature was maintained at 80°C for
45 minutes, and the pH was 7.4. 1061 g of demineralised water heated to 80°C was added
and the mixture was homogenised.

[0110] The resulting slurry was spray dried and yielded 252 g of powder. The powder was
extruded, dried and calcined at 300°C In air.

Example 6 (illustrative) NiO/MoO4/Si105/VUSY zeolite - 5 wt%/19 wt%/6 wt%I/70 wt%

[0111] In a 5 litre bulb 417.7 g zeolite was dispersed in 4419 g water using an Ultra-Turrax
online disperser for 1 minute. The resulting slurry was heated to 80°C while stirring. Upon
reaching this temperature, 49.8 g nickel carbonate (39 wt% nickel), 112.4 g ammonium
dimolybdate and 33.7 g Sipernat 50 silica were added to the water. Shortly thereafter, 26.6 g
ammonia solution (with 25 wt% ammonia content) were mixed with the above slurry. The
resulting mixture was kept at 80°C for 30 minutes. The pH was 6.8.

[0112] After 30 minutes the heating was switched off. 509.4 g of solid material was recovered
via spray drying. The powder was extruded, and the obtained green extrudates were dried and
then calcined at 300°C.

Example 7 (illustrative) NiO/MoO4/Si0O,/VUSY zeolite - 20 wt%/20 wt%/10 wt%/50 wt%
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[0113] In a 5 litre bulb 298 g zeolite was dispersed In 4444 g water using an Ultra-Turrax
online disperser for 1 minute. The resulting slurry was heated to 80°C while stirring. Upon
reaching this temperature, 205.2 g nickel carbonate (39 wt% nickel), 115.8 g ammonium
dimolybdate and 56.1 g Sipernat 50 silica were added to the water. Shortly thereafter, 101.1 g
ammonia solution (with 25 wt% ammonia content) were mixed with the above slurry. The
resulting mixture was kept at 80°C for 30 minutes. The pH was 8.6.

[0114] After 30 minutes the heating was switched off. 522.5 g of solid material was recovered
by spray drying. The powder was extruded, and the obtained green extrudates were dried and
then calcined at 300°C.

Example 8 (illustrative) NiO/MoO3/Si02/VUSY zeolite- 14 wt%/26 wt%/10 wt%/50 wt%

[0115] In a 5 litre bulb, 298 g zeolite were dispersed In 4475 g water using an Ultra-Turrax
online disperser for 1 minute. The resulting slurry was heated to 80°C while stirring. Upon
reaching this temperature, 137.7 g nickel carbonate (39 wt% nickel), 155.3 g ammonium
dimolybdate and 56.1 g sipernat 50 silica were added to the water. Shortly thereafter, 69.7 g
ammonia solution (with 25 wt% ammonia content) were mixed with the above slurry. The
resulting mixture was kept at 80°C for 30 minutes. The pH was 8.1.

[0116] After 30 minutes the heating was switched off. 487.7 g of solid material was recovered
by spray drying. The powder was extruded, and the obtained green extrudates were dried and
then calcined at 300°C.

Example 9 (invention) NiO/MoO3/VUSY zeolite- 17 wt%/33 wt%/50 wt%

[0117] In a 5 litre bulb, 298 g zeolite were dispersed in 4458 g water using an Ultra-Turrax
online disperser for 1 minute. The resulting slurry was heated to 80°C while stirring. Upon
reaching this temperature, 172.1 g nickel carbonate (39 wt% nickel) and 194.2 g ammonium
dimolybdate were added to the water. Shortly thereafter, 87/.1 g ammonia solution (with 25 wt%
ammonia content) were mixed with the above slurry. The resulting mixture was kept at 80°C for
30 minutes. The pH was 8.1.

[0118] After 30 minutes the heating was switched off. 523.6 g of solid material was recovered
by spray drying. The powder was extruded, and the obtained green extrudates were dried and
then calcined at 300°C.

Example 10 (invention) NiIO/MoO3/VUSY zeolite- 26 wt%/49 wt%/25 wt%
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[0119] In a 5 litre bulb, 143.4 g zeolite were dispersed In 4413 g water using an Ultra-Turrax
online disperser for 1 minute. The resulting slurry was heated to 80°C while stirring. Upon
reaching this temperature, 258.3 g nickel carbonate (39 wt% nickel) and 291.7 g ammonium
dimolybdate were added to the water. Shortly thereafter, 129.5 g ammonia solution (with 25

wt% ammonia content) were mixed with the above slurry. The resulting mixture was kept at
80°C for 30 minutes.

[0120] After 30 minutes the heating was switched off. 540 g of solid material was recovered by
spray drying. The powder was extruded, and the obtained green extrudates were dried and

then calcined at 300°C.

Example 11 (invention) NiIO/MoO3/VUSY zeolite/Beta zeolite- 24 wt%/45 wt%/25 wt%I6
wt%.

[0121] The Beta zeolite used in this example had a silica to alumina ratio of approximately 300
and was obtained from Zeolyst International under product code CP-811C300.

[0122] In a S litre bulb, 143.0 g zeolite and 35.8 g Beta zeolite were dispersed in 4424 g water
using an Ultra-Turrax online disperser for 1 minute. The resulting slurry was heated to 80°C
while stirring. Upon reaching this temperature, 237.8 g nickel carbonate (39 wt% nickel) and
268.5 g ammonium dimolybdate were added to the water. Shortly thereafter, 120.4 g ammonia
solution (with 25 wt% ammonia content) were mixed with the above slurry. The resulting
mixture was kept at 80°C for 30 minutes.

[0123] After 30 minutes the heating was switched off. 508 g of solid material was recovered by

spray drying. The powder was extruded, and the obtained green extrudates were dried and
then calcined at 300°C.

Activity Testing

[0124] The hydrocracking performance of the catalysts of the invention was assessed In a
number of second stage series-flow simulation tests against a number of reference catalysts.
The testing was carried out in once-through microflow equipment which had been loaded with
a top catalyst bed comprising 1 ml C-424 catalyst (commercially available from the Criterion
Catalyst & Technology Company) diluted with 1 ml of 0.1 mm SIC particles and a bottom
catalyst bed comprising 10 ml of the test catalyst diluted with 10 ml of 0.1 mm SIC particles.
Both catalyst beds were pre-sulfided in situ prior to testing by one of two techniques:

Gas phase sulfidation: presulfiding Is performed at 15 barg Iin gas phase (5 vol% H»S In

hydrogen), with a ramp of 20°C/h from room temperature (20°C) to 135°C, and holding for 12
hours before raising the temperature to 280°C, and holding again for 12 hours before raising
the temperature to 355°C again at a rate of 20°C/h.
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[0125] Liquid phase sulfidation: presulfiding is performed at 40 barg, using 1.5 vol% H»5S In

hydrogen and a sulfur-containing gas oil, with a ramp of 20°C/h from room temperature (20°C)
to 135°C, and holding for 10 hours before raising the temperature to 280°C, and holding again
for 10 hours before raising the temperature to 345°C again at a rate of 20°C/h.

[0126] Each test involved the sequential contact of a hydrocarbonaceous feedstock (a heavy
gas oll) with the top catalyst bed and then the bottom catalyst bed in a once-through operation
under the following process conditions: a space velocity of 1.5 kg heavy gas oll per litre catalyst

per hour (kg.l'1.h‘1), a hydrogen gas/heavy gas oil ratio of 1440 NI/kg, a hydrogen sulphide
partial pressure of 5.6 x 10° Pa (5.6 bar) and a total pressure of 14 x 10° Pa (140 bar).

[0127] The Y zeolites used In reference catalysts A, B, D and E are commercially available
from the PQ Corporation of Philadelphia, and have the properties given in Table 1.

[0128] By the following general procedure the reference catalysts were prepared using
different amounts of zeolite and inorganic refractory oxide, generally alumina, in each catalyst
formulation as noted in the Table below.

General procedure:

[0129] A catalyst was prepared by mixing a zeolite with refractory inorganic oxide In the
proportions required. Water and 3 %wt nitric acid (65 wt% solution) were added In order to
achieve a pH of in the range of from 4.4 to 5.7 and a loss on ignition of from 50 to 60 wt% and
the mixture mulled in a mix-muller until an extrudable mix was obtained. The mixture was then
extruded, together with an extrusion aid (Superfloc). The extrudates were dried statically for 2
hours at 120°C and then calcined for 2 hours at 535°C. The catalyst particles so-obtained were
of regular length.

[0130] The metal hydrogenation components of nickel and tungsten were then incorporated by
impregnation of the pellets with an homogenized aqueous solution of nickel nitrate and
ammonium metatungstate. The impregnated extrudates were dried at ambient conditions In

hot circulating air for 1 hour and then at 120°C for 2 hours and finally calcined at 500°C for 2
hours.

Table 1

Catalyst wt% ’
NO ZeO“te Ce” S|Ze
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Catalyst Surface! area{SAR Micropore' Metals

No. zeolite | ce|| size volume (ml/g) Cont;r)]t (wi
O
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1 properties of the zeolite
Z support also contains amorphous silica alumina
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[0131] Reference catalyst C i1s a catalyst wherein a metals plus silica binder composition has
been prepared via the (co)precipitation route using component proportions to give comparable
final component amounts to the compositions of Example 1. The oxide material formed was
mixed and subsequently co-mulled with the same VUSY zeolite material as used in the catalyst

preparation examples of the invention above. It was prepared as follows:
NIO/MoO4/SIO»/VUSY zeolite- 13 wt%/26 wt%/10 wt%/50 wt% 220.5 g nickel carbonate (39.5

wt% nickel) and 256.1 g ammonium dimolybdate were mixed and added to 2250 g waterin a 5
1 autoclave, while stirring. The mixture was then heated to 80°C.

[0132] A second slurry of 92.2 g silica (Sipernat 50), 750 g water and 113 g ammonia 25 wt%
solution was prepared. As soon as the metal-containing slurry reached 80°C, the silica-
ammonia slurry was added and the mixture was kept at 80°C for 30 minutes, while stirring.

[0133] The resulting slurry was spray dried, and the resulting powder was extruded with VUSY
zeolite as a 50/50 mixture (on a dry weight basis), dried and calcined at 300°C in air.

[0134] Reference catalysts A, B, D and E were gas phase sulfided in situ prior to testing at 15
barg in gas phase (5 vol% H»S In hydrogen), with a ramp of 40°C/h from room temperature

(20°C) to 200°C, and holding for 2 hours before raising the temperature to 280°C, and holding
again for 2 hours before raising the temperature to 375°C again at a rate of 40°C/h. Reference
catalyst C was gas phase sulfided in situ as for the catalysts of the invention.

Example 12

[0135] In this Example the hydrocracking performance of the catalysts of Examples 1 to 5 was
tested using a heavy gas oil used having the following properties:

Carbon content - 86.47 %w
Hydrogen content - 13.53 %w

- - 4

Nitrogen (N) content 9 ppmw
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Added n-Decylamine - 12.3 g/kg (equivalent to 1100 ppmw N)

Total nitrogen (N) content - 1109 ppmw

Molar weight - 433 g

..........................................................................................................
Final boiling point 605 °C

L N T T T T )

Fraction boiling below 370 °C - 3.71 Y%wt

Fraction boiling above 540 °C - 10.0 %wt

[0136] Hydrocracking performance was assessed at conversion levels between 40 and 90 %wt
net conversion of feed components boiling above 370°C. Table 2 shows the obtained results,
expressed as the temperature required to obtain 65 %wt net conversion of feed components
boiling above 370°C.

[0137] The middle distillate (the product stream boiling from 150 to 370 °C) selectivity gain was
assessed relative to reference catalysts A and B, and normalised to the same level of activity
as the reference catalysts; thus the reference catalysts act as standards and therefore have an
MD Selectivity gain of 0.0. Conversion of mono-aromatics and the hydrogen consumption are
also recorded.

[0138] It can be clearly seen from Table 2 that the catalysts of the present invention are all
significantly more active in mono-aromatics hydrogenation than all of the reference catalysts
tested. The product selectivity to middle distillates 1s significantly better and the activity Is
Increased (as shown by a reduced temperature requirement) in preferred catalysts wherein
molybdenum is chosen as the Group VIl metal, and silica is the refractory oxide. It should be
appreciated that a gain of 1 % MD selectivity can provide 20,000 tonnes of additional MD yield
In a world-scale commercial hydrocracking unit. Utilisation of the liquid phase sulfidation In
preference to gas phase sulfidation provides an even further significantly improved MD
selectivity and mono-aromatics hydrogenation. The hydrogen consumption of all catalysts of
the Invention Is also greatly reduced compared with that of the reference catalysts.

[0139] Table 2 also demonstrates the possibility to tailor the catalyst composition to a specific
purpose by selection of the refractory oxide utilised. Thus, where increased middle distillate
selectivity Is the aim of the hydrocracking process, then use of silica provides additional middle
distillate selectivity gain (see catalysts 1, 2 and 2"). Where a high mono-aromatics conversion is
the main aim, then selection of titania as refractory oxide is useful (see catalysts 3 and 4).

[0140] However, as I1s demonstrated in Example 13, combined high middle distillate selectivity
and high mono-aromatics hydrogenation can be provided If the refractory oxide component is
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omitted altogether.
Table 2

Catalyst C1-{ C4 - Hydrogen
req C4 82 150 {370 C § Selec. § aromatics § Consump
(wt { degC § degC Gain {Conversioni (wt %)
% % (wt 1.38
%)

0CCOCCOCCOCCOCCOCCOCCOCCO*COCCOCCOCCOCCHCOCCOCC’CCOCCOCCOCCOCCOCCO\COCCOCCOCCOCC\‘COCCOCCOCCOCCOCCOC\.0CCOCCOCCOCCOCCOCCOC\0CCOCCOCCOCCOCCOCCOCC.CCOCCOCCOCCOCCOCCHCOCQOCCOCCOCCOCC.CC.CC.CC.CC.CC.CC.CC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

m.m

‘CQCCQCCQCCQCCQCCQCCQCCQC\QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCC 4 4 4 444 QCCQCCQCCQCCQCCQCCQ-‘CQCCQCCQCCQCCQCCQCCQ.CQCCQCCQCCQCCQCCQCCQ\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

R R R R R R R R R ) §0§§0§§0§§0‘50‘50‘50‘5‘§§0§§0§§0§§0§§0§50\50‘50§§0‘50‘5\‘50‘50§§0QQCQQCQQCQ\.CQ§0§§0§§0§§CQQCQQCQ\CQQC§§0§§0§§0§§0§§0§§ R R R L \0‘50‘50‘50QQCQQCQQCQQCQQCQQCQQCQQ\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

(1.2 1.25

COCCOCCOCCOCCOCCOCCOCC’CCOCCOCCOCCOCCOCCO\COCCOCCOCCOCC\CCOCCOCCOCCOCCOCCOC\.0CCOCCOCCOCCOCCOCCQC\QCCQCCQCCQCCQCCQCCQCC CCOCCOCCOCCOCCOCCOCCOCQOCCOCCOCCOCC.CC.CC.CC.CC.CC.CC.CC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

! sulfided by the liquid phase technique

2 gain normalized to a linear interpolation or extrapolation of MD selectivities vs.

required S temperatures for reference catalysts A and B, which yields the
relationship: Selectivity to 150-370°C = 0.5310 x T req - 138.91

Example 13

[0141] In this Example, a hydrocracking performance assessment, was made of the catalysts
described iIn Examples 6 to 11, against reference catalysts B and D. The activity testing was
operated the same way as described above but this time using a slightly different heavy gas oll

feed having the following properties:

Carbon content - 86.50 %w

Hydrogen content - 13.48 %w

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

Nitrogen (N) content 14 ppmw
Added n-Decylamine - 12.3 g/kg (equivalent to 1100 ppmw N)
Total nitrogen (N) content 1114 ppmw

QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

Densuty 15/4 °C) - 0.8757 g/ml
DenS|ty (70/4 °C) - 0.8415 g/ml

Molar weight 433 g

Initial boiling point 359 °C
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50 %w boiling point - 451 °C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

Final boiling point 602 °C

Fraction boiling below 370 °C . 2.86 %wt

Fraction boiling above 540 °C 9.7 Y%wt

[0142] Reference catalysts B and D were sulfided by gas phase sulfidation as previously
described, and the catalysts of Examples 6 to 11 by liquid phase sulfidation as previously
described.

[0143] Table 3 below shows that, for catalysts containing nickel and molybdenum, middle
distillate selectivity benefits can be further increased (to exceed 5%w on feed) by means of

liquid phase sulfidation.
Table 3

006006006006006QCQ0060060-‘600600600600600600600Q\C6006QCQ0060060060\6006006006006\ 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

0§0§§0§§0‘50‘50‘50‘50§§0Q\CQ%CQQCQQCQ§0§§0§§0§§0§§0§§0§§0§§0§§0§§0§§ Q§0§§0§§0§§CQCCQQCQQCQQC§§0§§0§§0§§0§§0§§0§§0§§0§§CQ\CQQCQQCQQC§§0§§0§§0§§0§§0§50‘50‘50‘50‘50‘50‘50\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

m T
e
m
@N@&@@@@N@

sulphlded by the liquid phase technique

2 gain normalized to a linear interpolation or extrapolation of MD selectivities vs.
required temperatures for reference catalysts B and D, which yields the

relationship:

Selectivity to 150-370°C = 0.4549 x T req - 113.87

Example 14
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[0144] In this Example the percentage of molybdenum contained within the pores of the VUSY
zeolite was examined both for reference catalyst and for various of the catalysts of the
iInvention.

[0145] Reference catalyst E Is as previously described. Reference catalyst F is a catalyst of 3.6
wt% nickel and 10.85 wt% molybdenum impregnated onto a support containing 48 wt% of the
zeolite utilised in the catalysts of the invention above with a combined alumina and amorphous
silica alumina binder, the catalyst was prepared by the impregnation procedure used for the
reference catalysts A, B, D and E. Both reference catalysts are gas phase sulfided In situ as
described above for the reference catalysts. The catalysts of the invention are either gas
phase or liquid phase sulfided as noted in Table 4 below.

[0146] To demonstrate the presence of molybdenum In the zeolite, a transmission electron
microscope fitted with an X-ray energy-dispersive spectrometer 1s used for identifying and
guantifying the elements present in the crystals of the zeolite. The catalyst tested in each case
IS fresh catalyst, 1.e. catalyst in the oxidic form which has not yet been sulfided.

[0147] To do this, a JEOL JEM 2010 transmission electron microscope fitted with a Noran
Instruments X-ray energy-dispersive spectrometer system, type Voyager 4.1, was employed.
The catalyst extrudates were incorporated into resin in order to produce ultrafine sections 100
nm In thickness. The sections produced are held on a copper grid coated with a carbon
membrane having holes, used for supporting the preparation. These preparations were dried
under an IR lamp before being introduced into the transmission electron microscope, where
they were subjected to a rough vacuum for a few minutes and then a high vacuum throughout
the observation. The electron microscope was perfectly able to identify the zeolite crystals, with
a size of about 0.4 microns, dispersed Iin the alumina matrix. Next, a number (10 to 15) of local
analyses were carried out In various regions of the matrix and on various zeolite crystals with a
probe being 0.1 microns In diameter. Quantitative processing of the signal was used to obtain
the relative concentration of the elements (excluding oxygen) in wt%.

[0148] The hydrocracking performance was assessed In terms of MD selectivity gain either
against the performance of reference catalysts A and B as described in Example 10, or that of

reference catalysts B and D as in Example 11, and using the same heavy gas oil and same test
conditions as noted in those examples.

[0149] It can be seen from the results in Table 4 that a significant percentage of molybdenum
IS able to impregnate the pores of the zeolite via conventional means. The preparation route of

the present invention however enables a far higher amount of molybdenum to be located in the
zeolite pores.

[0150] The MD selectivity gain for the catalysts of the present invention is significantly
Increased over that of reference catalyst F which utilises the same zeolite and conventional
binder materials and is prepared via metals-impregnation.
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Table 4

Catalyst Al203 §{SIO2 (wt {Ni (wt %){ Mo in zeolite §{ MD Selec.
(wt %) %) pores (wt %) { Gain (wt %)

LR R R L - .0C.0C.0..0..0..0..0..0..0..0\ .......................................................................................

“ ““
-«---&-
‘ - 343

‘C000000000000000000000000000-‘0000000000000000000000000000.0000000000000000000000000000\ 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

I LN R A R N T

! sulfided by the liquid phase technique

2 gain normalized to a linear interpolation or extrapolation of MD selectivities vs.
required temperatures for reference catalysts A and B, which yields the
relationship:

Selectivity to 150-370°C = 0.5310 x T req - 138.91

3 gain normalized to a linear interpolation or extrapolation of MD selectivities vs.
required temperatures for reference catalysts B and D, which yields the
relationship:

Selectivity to 150-370°C = 0.4549 x T reg - 113.87

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq
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Patentkrav

1. En baererlgs katalysatorsammensaetning, der omfatter Gruppe VIb-metal, ikke-
2delt Gruppe VIII-metal, én eller flere zeolitter og intet ildfast oxidmateriale,
hvori metallerne og zeolitten/zeolitterne er blevet kombineret pa samme tid via
udfeeldning, hvori sammensaetningen er dannet fgr noget formningstrin,

hvori, udtrykt pa grundlag af en vaegtprocent, den samlede maangde af Gruppe
VIII- og Gruppe VIb-metaller er i omradet fra 20 til 80 vaegtprc. som oxider og
baseret pa total katalysator,

hvori de forekomne metaller er nikkel og molybdaen, der er i et molaert forhold
mellem nikkel og molybdaen i omradet fra 0.5:1 til 2,5:1;

hvori maengden af molybdaen, der findes i zeolitporerne er i omradet fra 4,
fortrinsvis 5, til 25 vaegtprc., pa grundlag af sammensaetningen i oxidform, som
fastsat ved hjeelp af et transmissionselektronmikroskop udstyret med et

energispredende rgntgenspektrometer.

2. Katalysatorsammensatningen, som kraevet i krav 1, hvori zeolitten er en
ultrastabil eller meget ultrastabil zeolit Y, der findes i en mangde i omradet fra 1

til 85 vaegtprc., fortrinsvis 15 til 75 vaegtprc., baseret pa total sammensaetning.

3. Proces til forberedelse af en katalysatorsammensaetning i henhold til krav 1
eller 2, hvori en Gruppe VIb-metalforbindelse kombineres med en forbindelse af
ikke-aedelt Gruppe VIII-metal og med en zeolit og ingen ildfaste oxidmaterialer
ved tilstedevaerelse af en protisk vaeske og eventuelt en alkalisk forbindelse, og
katalysatorsammensaetningen genetableres efter udfaeldning,

hvori, udtrykt pa grundlag af en vaegtprocent, den samlede maangde af Gruppe
VIII- og Gruppe VIb-metaller er i omradet fra 20 til 80 vaegtprc. som oxider og
baseret pa total katalysator,

hvori de forekomne metaller er nikkel og molybdaen, der er i et molaert forhold
mellem nikkel og molybdaen i omradet fra 0.5:1 til 2,5:1;

hvori maengden af molybdaen, der findes i zeolitporerne er i omradet fra 4,
fortrinsvis 5, til 25 vaegtprc., pa grundlag af sammensaetningen i oxidform, som
fastsat ved hjeelp af et transmissionselektronmikroskop udstyret med et

energispredende rgntgenspektrometer.
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4. Fremgangsmade som kraevet i krav 3, hvori blandingen af komponenter under

udfaeldning har en pH pa mindst 6,0.

5. Fremgangsmade, som kraevet i krav 3 eller 4, hvori mindst en af

metalforbindelserne er delvist i den faste tilstand og delvist i oplgst tilstand.

6. Fremgangsmade, som kraevet i ethvert af krav 3 til 5, hvor

katalysatorsammensaetningen genetableres gennem sprgjtetgrring.

7. En fremgangsmade til omdannelse af et carbonhydridholdigt udgangsmateriale
til materialer med lavere kogepunkt, som omfatter kontaktskabelse med
udgangsmaterialet ved forhgjet temperatur ved tilstedevaerelse af en

katalysatorsammensaetning, som kraevet i et hvilket som helst af kravene 1 til 2.

8. Brug af en katalysatorsammensaetning, som kraevet i et hvilket som helst af

kravene 1 til 2, i en hydrokrakningsfremgangsmade.

9. Fremgangsmaden, som kraevet i krav 7, hvori katalysatorsammensastningen er

blevet sulfideret gennem brug af et sulfideringsmiddel i vaeskefase.
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